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Abstract

Purpose Wastes were composted and applied as the soils
amendment to improve soil fertility and crop productivity.
The study aimed at assessing the nutrient uptake and
growth of spinach (Spinacia oleracea L.) grown in soils
amended with cow manure after a co-composting process.
Methods Sandy loam and silt loam soils were amended
with cow manure after co-composting with poplar leaf
litter at 1:0, 1:1, 1:2 and 1:3. The compost was applied to
soil at the rate of 20 t ha~'. Spinach was grown for
8 weeks and then harvested to measure plant shoot bio-
mass. Spinach shoot samples were digested and nutrient
contents in the shoots were determined.

Results Co-composted manure significantly improved the
growth and nutrients availability to the spinach. Dry bio-
mass, P and K contents in spinach shoot varied among
manure: leaf litter ratios: 1:0 < 1:1 < 1:2 < 1:3. Con-
versely, N, Zn, Fe, Cu and Cd contents in spinach shoot
reduced with the manure amendment with increasing
amount of leaf litter. Water extractable micro-elements in
the post-harvest soils were found in the order of
Zn > Fe > Cu > Cd. Co-compost amendments increased
the P and K availability except N, NO; and NH, in the
post-harvest soils. Trace elements in the post-harvest soils
reduced with leaf additives in the compost.

Conclusions Co-composted cow manure with leaf litter
proved to be superior in terms of bioavailability of plant
nutrients over the composted manure without leaf litter.
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This may also-assist in mitigating the environmental con-
tamination of heavy metals in the farm lands.

Keywords Spinach growth - Nutrient content - Cow
manure - Leaf litter - Co-composting

Introduction

In developing countries, continuous application of inor-
ganic fertilizer in conjunction with paucity of technical
prowess among farmers comprises nutrient imbalance in
soil and environmental pollution (Azza et al. 2007).
Escalating costs of inorganic fertilizers have directed the
attention of farmers towards organic sources which
enhance soil fertility possibly by improving physico-
chemical properties of soils. These may involve nutrient
availability and uptake, soil texture, water holding capac-
ity, cation exchange capacity, electrical conductivity, pH,
microbial population and soil organic matter (Agbede et al.
2008; Muhammad and Khattak 2009). Likewise, increasing
urbanization is intensifying inappropriate management and
disposal of organic wastes from different sources, thereby
deteriorating the environmental quality and subsequent
food chain contamination through bio-magnification
(Mrabet et al. 2012; Benjawan et al. 2015). Organic resi-
dues constitute valuable plant nutrients which can be
transformed into high yielding soil amendments via com-
posting (Silva et al. 2007). Simultaneously, this potentially
resourceful soil amendment is being wasted, demonstrating
a reduction in the progressive productivity. Intensive cul-
tivation has triggered decline in the soil organic matter
(Giannakis et al. 2014).

The application of compost is a common practice for
heavy metals immobilization and soil amelioration. It was

.
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reported that organic amendments could reduce the
bioavailability of heavy metals in contaminated soils (Gul
et al. 2016). Composting was suggested as the sustainable
soil fertility management option for teeming population, as
well as the strategy for recycling a variety of organic
residues, resulting in the reclamation of degraded soils (Li
et al. 2008). The reuse of organic wastes in agriculture is an
appropriate method of environment management
(Torkashvand et al. 2015). Livestock industry produces a
great amount of solid waste in Pakistan which pollutes the
environment. Moreover, large amount of plant residues
especially from different trees including leaf litter is also
generated daily which is a potential environmental hazard
via land-filling and incineration of these carbon pools
(Chaudhry et al. 1999). Therefore, their effective utiliza-
tion through co-composting of organic wastes to amend
nutrient deficient soil and to increase bio-available fraction
for plant uptake is yet to be explored. Therefore, an attempt
was made to study the nutrient uptake efficiency, growth
and extractable plant nutrients in soils as influenced by cow
manure co-composted with poplar leaf litter.

Materials and methods
Composting process

The raw materials for composting were cow manure and
leaf litter of poplar (Populus tremula L.). These materials
were collected from Abbottabad area (34.1558°N,
73.2194°E), Pakistan. Cow manure was co-composted with
poplar leaf litter in plastic composting bins (15 L) at the
cow manure to leaf litter ratios of 1:0, 1:1, 1:2 and 1:3
(mass basis) for 120 days. Each treatment was in triplicate.
During the composting process, manure samples were
occasionally aerated and moistened to about 30% at room
temperature on weekly basis. Samples were collected after
120 days of composting, air dried and passed through a
2 mm sieve for the determination of relevant parameters
(Table 1).

Greenhouse study

Two types of soils (sandy loam and silt loam) were sam-
pled at a depth of 0-20 cm from nearby agricultural fields
of Abbottabad city. The samples were air-dried for two
days and screened through a 2 mm sieve. The physico-
chemical properties of soils were determined using the
methodologies given in Table 2. A pot experiment was
carried out in plastic pots. Each pot was filled with 10 kg
soil. Co-composted manures were thoroughly mixed with
these soils at the application rate of 20 t ha~' (based on
2 million kg soil per plow layer per ha). Co-composted

’r @ Springer

amendments were applied to two types of soils and were
compared with the soil applied with manure composted
without plant litter (1:0). This treatment was considered as
a control. The experiment was a (4 x 2) factorial (ratio of
cow manure co-composted with plant residues x soil
types) resulting in eight experimental units which were
arranged in a completely randomized block design. Each
experimental unit was installed in triplicate. Irrigation was
applied twice the daily pan evaporation. Spinach (Spinacia
oleracea L.) was grown for 8 weeks as test crop and then
harvested for plant shoot biomass. Subsequently, plants
were thoroughly rinsed with distilled water and oven dried
for 48 h at 60 °C. Plants’ shoots were oven dried for 48 h
at 60 °C. The dry weight of spinach was calculated. The
samples were milled and digested as given below.

Analytical methods

Dry combustion method was used to determine total carbon
in the composted manure (Nelson and Sommers 1982). Total
organic matter was determined by multiplying the total
carbon values by 1:72 (Nelson and Sommers 1982). Total
content of nitrogen (N) was determined by Kjeldahl method.
Soil; milled composted manure and spinach shoot samples
were digested in a mixture (1:3) of perchloric (HC1O4) and
nitric. (HNO3) acids to determine the total elemental com-
position of phosphorous (P), potassium (K), copper (Cu),
iron (Fe), zinc (Zn) and cadmium (Cd) in the extracts (Miller
1998). Spectrophotometer (Stalwart UV 900 USA) deter-
mined the P contents in all samples (soil, manure and plant)
through phosphomolybdate blue method. Absorbance was
determined at a wavelength of 710 nm (Olsen and Sommers
1982). Cationic elements in the soil, manure and plant
samples were determined using atomic absorption spec-
trometer (AAS) (Model AAnalyst 700, Perkin-Elmer, Wal-
tham, MA, USA). The pH and electrical conductivity (EC) of
soil and organic manures samples were measured in water-
manure and water-soil suspensions of 1:5 ratio with pH
(Janway 3505) and EC (Janway 470) meters. Nitrate-N and
NH4-N were extracted from soil and manure by shaking 2 g
of sample in 2 M KCIl solutions for 1 h in 25 mL
polypropylene centrifuge tubes on an end-over-end shaker,
then centrifuged at 10,000 rpm for 10 min and supernatant
was analyzed. Ammonium-N was determined following the
indophenol blue method (Keeney and Nelson 1982), whereas
the NO5-N was determined according to Anderson and
Ingram (1993) and read from the spectrophotometer at 635
and 410 nm, respectively. Particle size distribution of the
soil was measured by the pipette method (Gee and Bauder
1986). The soils used during the study were classified as
sandy loam on the basis of 57% sand, 24% silt and 19% clay
and loamy sand on the basis of 70% sand, 17% silt and 13%
clay.
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Ifa E:ntrfgszgﬁ;gggz:ﬁfn Parameters Unit 1:0 1:1 1:2 1:3

f;ﬂ:r leaf litter at different Total C g ke ! 366.8 + 14 374.4 + 16 3783 + 16 397.5 + 15
Total N g kg™! 180 £ 2 167 £ 2 156 + 2 150 £ 2
NO;-N mg kg ™! 91.6 &+ 10 86.8 £ 11 745 + 8 679 £ 7
NH,-N mg kg™ 59.6 + 6 60.3 + 7 57.6 + 6 34843
Total P mg kg™ 169.7 + 8 180.9 £ 9 196.4 + 8 206.3 £ 10
Total Ca mg kg™ 167.2 £ 11 178.6 £ 10 1882+ 9 203.6 + 12
Total Mg mg kg ™! 132.6 + 9 143.9 £ 9 1652 + 6 172.6 £ 10
Total K mg kg ™! 400.4 + 15 4679 + 17 489.0 + 17 511.8 + 21
Total Na mg kg™ 410+ 3 33442 31242 256 + 1.8
Total Cu mg kg™ 93.1+6 63.5+3 66.2 + 4 56.1 +2
Total Fe mg kg ™! 184.9 + 13 166.4 + 10 167.1 £ 7 1544 +9
Total Mn mg kg ™! 1248 + 8 1052 +5 985+ 7 827+ 6
Total Zn mg kg~ 140.6 + 14 1152 £ 10 100.2 £ 10 875+ 7
Total Ni mg kg ™! 27402 23 4 02 18 +02 19+ 02
Total Cd mg kg ™! 15+ 0.1 1.1+ 0.1 1.0 + 0.1 0.9+ 0.1
EC (1:5) dS m™! 50408 6.1 4038 6.3+ 1 6.8 4+ 0.9
pH (1: 5) 87+ 1 83+ 1 8.1+1 774+ 06

=+ values indicate standard deviation

Table 2 Chemical composition of soils used for the experiment

Parameters Unit Sandy loam soil Silt loam soil
Total C g kg™ 256 £ 2 283 +2
Total N mg kg™ 35.8 + 3 56.6 + 4
NOs-N mg kg™ 6.6 £ 1 153 £2
NH,-N mg kg™ 82+ 1 10.8 + 1
Total P mg kg™ 457 £ 2 67.8 %3
Total Ca mg kg~! 2187 + 8 267.8 + 12
Total Mg mg kg_1 128.6 £ 6 1316 £ 6
Total K mg kg™ 1478 £ 7 158.8 + 8
Total Na mg kg™ 234 +£3 346 + 4
Total Cu mg kg*1 345 +4 564 +£3
Total Fe mg kg™’ 67.8 £ 5 78.6 £ 6
Total Mn mg kg™ 475+ 4 67.5+6
Total Zn mg kg™! 567+ 4 769 £ 5
Total Ni mg kg™! 25402 3.0+ 0.2
Total Cd mg kg™ 03 £ 0.1 1.9 £0.1
EC (1:5) dSm™! 0.5+ 0.1 0.3 £ 0.02
pH (1: 5) 7.6 £0.7 7.8 £0.7

=+ values indicate standard deviation

Statistical analysis

The data on each parameter were subjected to analyses of
variance using Stat-view software. The least significant
difference test at P < 0.05 was used to calculate significant
differences between means of treatments. Regression plot
was calculated between macro- and micro-elements in the

composted manure with their concentrations in the spinach
shoot.

Results and discussion

The relevant characteristics of soils and composted manure
were given in Tables 1, 2.

Spinach biomass

Spinach biomass significantly increased after the applica-
tion of co-composted manure as compared to the manure
without plant litter (Fig. 1). Among the treatments, the
highest plant biomass observed with increasing manure:
leaf litter ratios while the lower amount of biomass was
obtained when manure was applied without tree litter (1:0).
The plant biomass was higher in sandy loam soil as com-
pared to the silt loam irrespective of the manure treatments.
Spinach biomass enhanced by 62, 105 and 142% in manure
co-composted with leaf litter at 1:1, 1:2 and 1:3, respec-
tively, in comparison to the composted manure of 1:0 in
sandy loam soil. In case of silt loam soil, biomass increased
by 39, 70 and 109% for manure co-composted with the leaf
litter at 1:1, 1:2 and 1:3, respectively, as compared to the
manure composted at 1:0. The higher biomass yield at
greater manure: leaf litter ratio may be due to the optimum
availability of the essential plant nutrients. Incremental
plant growth in the soils amended with manure indicated
that the application of manure after co-composting might

,r @ Springer
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Fig. 1 Spinach biomass and nutrient contents in spinach shoot after
application of composted and co-composted manure

be more complimentary to the plant development due to
the nutrients availability and conversion of organic frac-
tions into inorganic forms. The application of composted
manure with tree residues proved to be a viable resource of
essential plant nutrients. Irshad et al. (2002) reported
higher biomass yield and promoted mineral concentrations
in the maize grown in soil amended with composted
manure. These results advocated enhancement of soil fer-
tility subsequent to the application of composted manure.
Several researchers have reported the significance of
compost in triggering and enhancing soil fertility via sup-
plying nutrients for plant use (Gul et al. 2016; Irshad et al.
2014). D’Hose et al. (2012) also confirmed that composted

@ Springer

animal manure considerably increased dry matter yield of
potatoes, fodder beets, forage maize and Brussels sprouts.

Nutrient contents

The application of co-composted manure significantly
affected N content in spinach (Fig. 1). Increasing amount
of leaf litter in the co-compost slightly reduced N content
in the spinach as compared to the application of composted
manure without leaf litter additives. Nitrogen contents in
spinach shoot reduced by 15 and 13% in the mixture of
manure and leaf litter of 1:3 as compared to 1:0 in sandy
loam and silt loam soils, respectively. This might be related
to the changes in the N composition of soil after adding co-
composted manure. Spinach exhibited higher N contents in
the plant shoot grown in silt loam soil as compared to the
sandy loam soil. Zai et al. (2008) demonstrated differential
effects of composts in relation to the nutrient status for
plant growth and development. Increased N bioavailability
was reported after the application of composted manure to
alfalfa and the increased nutrients availability from soil
was associated with the improvement of soil properties
(Malhi 2012).

Phosphorus contents in spinach significantly increased
with the addition of leaf litter with the cow manure
(Fig. 1).- Phosphorus level in the shoot of spinach was
lower, i.e., 35 and 36 mg kg~ when grown in sandy loam
and silt loam soil, respectively, treated with manure
amendment of 1:0. Phosphorus contents in the spinach
tissues increased by 60, 82 and 105% in composted manure
treatments of 1:1, 1:2 and 1:3, respectively, in the sandy
loam soil. Phosphorus content increased by 30, 63 and
86%, respectively, in silt loam soil. The variation of P
content among spinach plants after manure amendments
might be associated with the altered mineral composition
of soils. Higher P content in plants with the addition of
manure was reported by Huang et al. (2001). Irshad et al.
(2002) reported that increasing composted manure appli-
cation profoundly increased the nutrients uptake by plants
for better growth. Moreover, poultry litter amendment in
soil improved the elemental contents in maize (Faridullah
et al. 2009). Mustafa et al. (2016) reported that muskmelon
plants grown in media-containing guar or jantar composts
had greater tissue nutrient concentrations as compared to
other compost treatments.

Potassium content in plant tissue significantly increased
with the application of co-composts as compared to the
plants applied with the manure without leaf litter (Fig. 1).
The K contents observed in the spinach shoot were 100,
121 and 134 mg kg~' in sandy loam soil after amendment
with manure: leaf litter ratios of 1:1, 1:2 and 1:3, respec-
tively. In silt loam soil, the K contents were 47, 59 and
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67 mg kg™, respectively. Potassium increased in the plant

shoot after applying co-compost mixed with greater
amount of leaf litter. This indicated high quality of organic
matter which might have affected the bioavailability of K.
Increased K content has been attributed to the elemental
contents of the composts, which improved the root growth
and increased the nutrient uptake by plants (Aziz et al.
2006). Malhi (2012) reported that the application of
organic manures favored the uptake of N, K and S in
wheat.

The application of co-composted manures decreased
shoot contents of mico-elements. The contents of these
elements in the spinach shoot varied in the order of
Zn > Fe > Cu > Cd (Fig. 2). When compared with the
manure of 1:0, the manure amendment at 1:3 reduced the
Zn contents in spinach from 45.1 to 23.1 mg kg~ ' in sandy
loam and from 48.3 to 25.4 mg kg™ in silt loam soil. Iron
concentrations in the spinach shoots were 27.3 and
375 mgkg™' and Cu concentrations were 4.5 and
51 mgkg™" and Cd concentrations were 1.4 and
1.8 mg kg~ in sandy loam and silt loam soil, respectively,
after amendment with composted manure (1:0). The Zn
contents reduced to 23.1 and 25.4 mg kg~', Fe contents
were 9.6 and 17.8 mg kg~', Cu contents were 3 and
3.4 mg kg™', Cd contents were 0.8 and 0.6 mg kg™' in
plants grown in sandy loam and silt loam soil, respectively,
after amendment with co-composted manure at 1:3. Low
availability of trace elements after the application of co-
composted manure with increasing amounts of leaf litter
may be responsible for the lower trace elements contents in
the spinach. Generally water-extractable fractions of trace
elements are easily available to the plants and associated
with the noxious and integral component of composts
(Singh and Kalamdhad 2014). The reduction in trace ele-
ments composition in spinach plants could also be related
to the amount and nature of the organic matter. Organic
fraction of soil affected the interactions and availability of
trace elements in soil by the formation of varyingly
stable organometallic complexes called chelates by binding
and holding insoluble metal ions and compounds with the —
OH and —COOH groups. Such compounds are enriched by
cattle manure which consequently may limit metal solu-
bility and bioavailability in soils (Liu et al. 2009; Singh
et al. 2015). Heavy metals in soil are held and bound by
organic compounds and are not available for plant uptake if
these complexes are in soluble, but they are slowly released
occurring through microbial decomposition (Guan et al.
2011). Trace elements contents in spinach shoot were
higher in silt loam soil than sandy loam soil, irrespective of
the type of compost applied. Silveira et al. (2003) reported
that the application of potentially mineralized organic
matter after the composting resulted in the formation of
strong binding sites in soil which diminished heavy metal

B Sandy loam @ Silt loam

Cu (mgkg)

Fe (mg kg')

Zn (mg kg")

Cd (mg kg")

1:0 1:1 12 13

Fig. 2 Micro-elements concentrations in spinach shoot after appli-
cation of co-composted manure

uptake by plants. Likewise, Singh et al. (2015) reported
reduced bioavailability of heavy metals to plants after
application of agitated pile co-composted cattle manure
with the rice husk. Composting may reduce the mobility of
heavy metals and thus their transport to the environment in
contrast to the fresh manure. The utilization of composted
manure was advantageous and worthwhile in adulterated
soils for alleviating heavy metal contamination (Gul et al.
2016).

Regression equations and determinant (R?) explaining
the relationships of nutrient contents in spinach shoot () to
their contents in co-composted manure (X) are given in
Fig. 3. The higher R* values for P, K and Zn showed that
the contents of these nutrients elements in spinach shoot
were highly dependent on their contents in the co-compost
applied to the soil. The other elements were also found
positively associated with the composition of co-compost.

' @ Springer
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Nutrients extractability from post-harvest soil

The application of manure compost in soil significantly
affected the extractability of essential plant nutrients. The
application of composted manure with plant litter signifi-
cantly improved soil P contents and its uptake by spinach
(Table 3). The soil amendment of higher quantity of poplar
leaf litter with manure at the ratios of 1:1, 1:2 and 1:3
enhanced soil P by 22, 35 and 51% in sandy loam and 14,
39 and 53% in silt loam soil, respectively. Eichler-Lober-
mann et al. (2007) reported increased soil P content after
application of manure compost. In the present work, P
contents were noticed as 31 and 28 mg kg™ in sandy loam
and silt loam soil, respectively, after amendment with
compost without leaf litter.

Conversely, the application of co-compost decreased
total N content particularly with increasing amount of leaf
litter irrespectively of the soil type (Table 3). Nitrogen
content of the soil could vary due to the nutrient status of
the co-composts of cow manure. The N-enriched manure

source after the incorporation of increased amount of leaf
litter reduced the N level of soils. The N content in sandy
loam soil was found more than that of silt loam soil. Wolka
and Melaku (2015) reported significantly lower N and
organic carbon after manure addition in soil. Giannakis
et al. (2014) demonstrated that compost application grad-
ually reduced soil N and organic C. This declining trend of
N might also be due to leaching and/or nitrification etc.
Contradictory results of increased N after different levels
of compost application have been reported by Nguyen and
Shindo (2011). Likewise, significant increase in the N and
P was noticed subsequent to the application of chicken
manure (Dikinya and Mufwanzala 2010).

Nitrate and NHy4-N fluctuated in accordance with the
soil-type and mixing ratios of leaf litter and manure. The
contents had inverse relation with the proportion of leaf
additives in manure. The greater amount of leaf litter in the
manure lowered the NOs-N and NH4-N contents in both
soils. For instance, sandy loam soil showed significantly
declined NO5-N content (8.2, 7.6, 6.4 and 5.7 mg kgfl)

Fig. 3 Regression between 20 80
macro- and micro-elements in
co-compost applied versus these 701
elements in spinach shoot. The z 17 N
contents of all elements in 5 5 601
spinach shoot and co-compost £ g
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= * YA RAD — F
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Table 3 Changes in plant

. Soil CM:PL N NO;-N  NH4-N P K Cu Zn Fe Cd
macro- and micro-elements k me ke~
(mg kg™ ") in post-harvest soil £X5 £x5
applied with co-composted cow  gn4y Joam  1:0 23 8.2 6.8 31 61 36 367 141 08
manure (CM) with plant litter
(PL) 1:1 2.1 7.6 5.9 38 88 30 284 10.1 0.9
1:2 1.8 6.4 5.0 42 103 27 248 87 0.6
1:3 1.5 5.7 43 47 120 24 207 6.5 0.6
Silt loam 1:0 2.1 9.1 7.2 28 32 4.1 58.2  20.1 0.9
1:1 1.9 7.8 6.6 32 46 35 51.9 156 0.8
1:2 1.6 7.1 5.8 39 65 30 453 135 0.7
1:3 1.3 6.1 4.7 43 89 25 415 104 0.6
LSD (0.05) 0.1 0.7 0.8 1.3 34 0.6 1.7 0.8 0.1

after compost amendment of 1:0, 1:1, 1:2 and 1:3. Simi-
larly, the lower NO;-N content of 6.1 mg kg™' was
observed in manure leaf ratio of 1:3 in silt loam soil as
compared to 9.1 mg kg™' in compost amendment of 1:0.
The reduced NOj3-N level in the soils applied with co-
composts of considerable leaf additives could be related to
the immobilization and/or denitrification of the cumulated
NOs-N. Furthermore, irrespective of the soil type, NH4-N
was profoundly reduced after co-composts applications.
Among compost amendments, the NH4-N contents in the
soil varied in the order of 1:0 > 1:1 > 1:2 > 1:3. Co-
composts treated soils better reduced the NH, release as
compared to the soils amended with compost without tree
litter (1:0) which stressed on the negative relationship’ of
soil-NH, to the increased ratios of leaf additives in the co-
compost. Similarly, declined NO3; was reported in.compost
amended turf-grass soil (Wright et al. 2007).

Soils amended with co-compost increased. the available
K content, particularly with increasing ratio of poplar leaf
litter (Table 3). This indicated the effectiveness of organic
matter for the K availability in the soil. The maximum K
content of 120 mg kg~' was noted in sandy loam soil and
89 mg kg~ in silt loam soil after the manure application of
leaf litter at 1:3. The K release dynamics could be attrib-
uted to the elemental properties of the manure composted
at different ratios along leaf litter. Huang et al. (2001)
reported leaf litter as a potential source of nutrients for soil
fertility and crop production if co-composted with N-en-
riched source of cattle manure (Table 4). The application
of manure amendment of 1:0 to sandy loam and silt loam
soils resulted in K contents of 61 and 32 mgkg ',
respectively. The reduced availability of K through the
manure application without leaf litter may be due to the
dilution effect. Among amended soils, K differed in the
order sandy loam > silt loam. This alteration in the K
extraction could be attributed to the modified properties of
soil after manure amendments. Phosphorus and K avail-
ability in soil and their uptake by plants were enhanced by

Table 4 Changes in pH and EC.in post-harvest soil applied with co-
composted cow manure (CM) with plant litter (PL)

Soil CM:PL pH EC
dSm™!
Sandy loam 1:0 7.1 1.8
1:1 74 2.2
1:2 7.5 2.2
1:3 7.6 2.6
Silt loam 1:0 7.0 1.7
1:1 7.2 1.9
1:2 74 2.0
1:3 7.5 2.2
LSD (0.05) 0.4 0.3

organic manure (Aziz et al. 2010; Cavigelli and Thien
2003).

The micro-element contents in both soils altered in the
order of Zn > Fe > Cu > Cd regardless of the co-com-
posts applied. Incorporation of manure amendment to the
soils reduced the availability of trace elements and con-
sequently reduced their uptake by spinach. Zinc contents of
sandy loam and silt loam soils declined by 44.9 and 29.3%
with the application manure: leaf litter of 1:3 as compared
to the manure treatment without leaf litter (1:0). Zinc
content in soil was within the threshold range of
14-125 mg kg~ '. Zinc concentrations in the soils varied
with the co-composted manure in the order of
1:0 > 1:1 > 1:2 > 1:3. This reduction might possibly be
related to the effective mineralization of the organic
manure with the leaf litter additives that could efficiently
adsorbed inorganic Zn. Similar finding of reduced metals
availability in soil mixed with composted animal manure in
contrast to soil amended with the fresh manures was
reported earlier (Irshad et al. 2014). The utilization of
composted manure instead of fresh manure in metal con-
taminated soils could be more advantageous in alleviating
heavy metal pollution (Gul et al. 2016).

,r @ Springer



86

Int J Recycl Org Waste Agricult (2017) 6:79-88

The co-composts reduced the extractable Fe in soil. The
Fe content in the sandy loam soil was reduced by 53% with
the application of manure: leaf litter at 1:3 ratio as com-
pared to the manure minus leaf litter (1:0). The efficient
reduction with the application of co-compost could be
attributed to the potential source of essential nutrients and
the drop of heavy metals in the soils. The fluctuations
observed in the release of Fe could be related to the ele-
mental status of the co-composts applied to the soil. The
effectiveness of the manure product could be associated
with the formation of organometallic complexes that hold
more Fe and reduced the Fe uptake by spinach plants.
Furthermore, basic pH of soil helps to adsorb cationic
metals on organic matter sites. The pH is evaluated as the
controlling factor of ion exchange, redox reactions,
adsorption and complexation reactions (Walter et al. 2006).
The effectiveness of heavy metal solubility after manure
compost application was determined by the extent of
organic matter humification and the successive ramification
on soil pH (Gupta and Sinha 2007).

Copper content of the soils demonstrated an inverse
relationship with the application of compost. Lower Cu
content was found in sandy loam soil (2.4 mg kg ")
applied with 1:3 manure amendment as compared to the
soil amended with manure without leaf litter having Cu
content of 3.6 mg kg~ '. Similarly, silt loam soil amended
with manure amendments of 1:0, 1:1, 1:2 and 1:3 exhibited
Cu contents of 4.1, 3.5, 3.0 and 2.5 mg kg_l. Reduced Cu
release from compost amended soil might be associated
with the progressive humification of organic manure
applied and the formation of stabilized Cu complexes with
humic substances (McLaren and Clucas 2001). Compost
and poultry manure amendments were recommended for
the optimization of Cu in contaminated soil (Thomas and
Dauda 2015). A marked reduction in extractable Cd was
recorded in soils after co-composts application. Cd level
fluctuations in soils depended on the composting ratios and
varied as 1:3 <12 <1:1 <1:0. For instance,
extractable Cd decreased by 25% in sandy loam soil and
32% in silt loam amended with manure: leaf litter ratio of
1:3 as compared to the manure without leaf litter. The
maximum permissible limit of Cd in soil was reported as
5 mg kg~' (Dudka et al. 1994). Therefore, the Cd contents
in soil samples were found within permissible limits during
this study.

EC and pH of post-harvest soil

The respective EC of sandy loam and silt loam soil was
1.8 and 1.7dS m~' applied with composted manure
without leaf additives in contrast to the soils amended
with 1:3 of co-composts where the EC values were 3.1
and 2.9 dS m™!, respectively. Comparatively, silt loam
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soil amended with 1:1, 1:2 and 1:3 composted manure
with leaf litter exhibited EC values of 1.9, 2.0 and
2.2dS m™', respectively. This increase may be attrib-
uted to the greater pool of soluble cations in the co-
composts and their release in the respective soil. It was
found that co-composts application increased the soluble
salts contents in the post-harvest soils that directly
measure the salinity after decomposition and the mobi-
lization of organic matter. Dikinya and Mufwanzala
(2010) reported increased EC values with the increasing
application rates of manure. Results of higher EC values
after manure applications in soils have also been repor-
ted by different authors (Loper et al. 2010; Wolka and
Melaku 2015).

Soil pH slightly differed with the leaf litter application
in the manure. The compost demonstrated slightly alkaline
pH (7.1-7.6) in sandy loam soil and 7.0-7.5 in silt loam
soil. With the application of 1:3.co-composted manure the
pH value increased from 7.1 to 7.6 in sandy soil and
7.0-7.5 in silt loam soil. High soil pH for composted
manure was also reported by Scharenbroch (2009). On the
other hand, a low: soil pH after compost amendment was
reported by Loper et al. (2010).

Conclusions

Significant impact of co-compost on the bioavailability and
extractability of plant nutrients in soils was evident. Dry
biomass, P and K contents in spinach shoot enhanced with
the application of manure co-composted at different ratio
of leaf litter. Conversely N, Zn, Fe, Cu and Cd contents in
spinach declined with the application of manure amend-
ment co-composted with increasing amount of leaf litter.
Chemical composition of co-compost significantly altered
the availability of trace elements in the order of
Cd < Cu < Fe < Zn. Micro-elements contents in plants
and post-harvest soils were inversely related to the
increased amount of leaf additives in the composted man-
ure. Nitrogen content in the post-harvest soil decreased in
the sequence of 1:1 > 1:2 > 1:3 of the co-composts. The
lower availability of micro-elements in manure may rec-
ommend it for the safe and productive utilization in soils.
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